Introduction
We consider the following Cauchy problem of the asymmetric dissipative wave equation,
u tt − u x 1 x 1 = △u t , x = (x 1 , x 2 , · · · , x n ) ∈ R n , t > 0, u(x, t)| t=0 = u 0 (x), u t (x, t)| t=0 = u 1 (x), (1.1) where
xn , n ≥ 3, and u 0 , u 1 are given functions. Equation (1.1) is an asymmetric wave equation with dissipation and arises in the study for the magneto-hydrodynamics (see [2] ). Due to the asymmetric structure of (1.1), the energy method fails in making the L p − L q estimates, and new difficulties arise in the study for this equation in contrast to that for the symmetric semilinear and nonlinear wave equation (see [1, 3, 4, 5, 6, 7, 8, 9] ). In this paper, we obtain the L p − L q estimates on the solutions to (1.1) by using the method of Green function combined with the technique of Fourier analysis.
Notations. We denote generic constants by C. L p (1 ≤ p ≤ ∞) is the usual Lebesgue space with the norm · L p , W m, p , m ∈ Z + , p ∈ [1, ∞] denotes the usual Sobolev space with its norm
Green function
The corresponding Green function to (1.1) satisfies the following equation,
By Fourier transformation we get that
where
. By Duhamel's principle we know that the solution to (1.1) can be expressed as following,
, and D r = {ξ ∈ R n ; |ξ| 2 ≤ r|ξ 1 |}, r > 2. Define A c the complete set of A, and B c , D
If ξ ∈ B c , then
By direct calculation we have the following estimates onĜ(ξ, t) andĜ t (ξ, t).
t . Similarly, we have that
. In this case,
Similarly, we have that
So the lemma is proved.
where [·] is Gauss' symbol.
Proof. By using lemma 2.1 and lemma 2.2 we give the proof.
(1). As l = 0,
As l = 1,
For h ≥ 1, as l = 2h,
Thus (1) is proved. (2) . As l = 0,
As l = 2,
For h ≥ 1, as l = 2h + 1,
Thus (2) is proved.
. As l = 0,
as l = 2h + 1,
Thus (3) is proved. (4). As
Thus (4) is proved. (5) . As l = 0,
Thus (6) is proved.
The first result is the following theorem.
, and there exists a constant r > 2, such that suppû 0 , suppû 1 ⊂ D r , then for any multi-index α and non-negative integer l, we have that, (1) . If p ∈ [1, 2), it holds that, ∀q ∈ [
Proof. Since suppû 0 , suppû 1 ⊂ D r , from (2.4) we have that
it yields that
(1). Denote 1 +
, then ρ ≥ 2. In view of lemma 2.3, Young inequality and interpolation formula, we have that,
Thus (1) is proved. 
Thus (2) is proved and so the theorem is proved.
In the last section we have some good results by assuming the Fourier transform of the initial data have special compact support. In this section we intend to obtain the L 1 − L ∞ decay estimates without the assumption of compact support.
DenoteĜ 2 (ξ, t) = (1 − χ(ξ))Ĝ(ξ, t), thenĜ(ξ, t) =Ĝ 1 (ξ, t) +Ĝ 2 (ξ, t). Denote u(x, t) = v(x, t) + w(x, t), where v(x, t) and w(x, t) satisfyinĝ v(ξ, t) = (∂ t + |ξ| 2 )Ĝ 1 (ξ, t)û 0 (ξ) +Ĝ 1 (ξ, t)û 1 (ξ)
